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Ferrara, Italy
We have evaluated three analytical methods for determining
inorganicphosphorus in serum applied to the Technicon RA-IO00
analyzer: a fully enzymatic colorimetric method based on the
specific system purine nucleoside phosphorylase/xanthine oxidase
coupled to an indicator colorimetric reaction similar to the Trinder
reaction; a chemical method involving the direct UV measurement
of the phosphomolybdate complex; and a chemical method with
reduction of the phosphomolybdate complex to molybdenum blue.
Experiments wereperformed to assess within-run and between-day
precision, linearity, interference and correlation. The best perfor-
mance characteristics were shown by the enzymatic colorimetric
method and the phosphomolybdate UV method.
Introduction
Phosphorus and phosphorylated compounds are largely
involved in the main biochemical process, that is bone,
carbohydrate, lipid, nucleic acids and energy metabol-
ism. Inorganic phosphorus is the fraction commonly
determined in the clinical laboratory and the clinical
significance of the measurement ofinorganic phosphorus
in serum and urine is widely recognized [1,2].
Various analytical techniques have been employed for
determining inorganic phosphorus in serum, but the most
widely used in the routine work is photometry. Many
chemical methods, based on ultraviolet or colorimetric
measurements, have been described, however, the contin-
uous proposal of new methods attests a certain dissatis-
faction for those available. Enzymatic methods have been
described based on UV measurement [3-6] and on
colorimetry [7]. Recently, an enzymatic colorimetric
method has been made available in a kit format and has
gained wide acceptance for its performance characteris-
tics and convenience [8-10].
In the work described in this paper we compared this
enzymatic colorimetric method with a chemical method
based on the direct UV measurement, and a colorimetric
method based on the chemical reduction, all applied to a
Technicon RA- 1000 analyzer.
Materials and methods
We applied the following methods to a Technicon
RA-1000 random-access analyzer (Technicon Instru-
ments Corp., Tarrytown, N.Y. 10591, USA), carrying
out all assays at 37C and calibrating the instrument
before linearity, precision and correlation experiments
with an aqueous standard at 1"29 mmol/1 of inorganic
phosphorus (Chemetron Chimica SpA, Milan, Italy).
Enzymatic colorimetric method
Inorganic phosphates react first with inosine, in the
presence of purine nucleoside phosphorylase (EC
2.4.2.1), to form ribose- 1-phosphate and hypoxanthine.
The latter is then oxidised by xanthine oxidase. (EC
1.1.3.22) to hydrogen peroxide and xanthine, which is in
turn oxidised to uric acid with further production of
hydrogen peroxide. The liberated hydrogen peroxide
reacts, in the presence ofperoxidase (EC 1.11.1.7), with
the chromogen system 4-aminophenazone/N-ethyl-N-
(3-methylphenyl)-N’-acetylethylenediamine with the for-
mation of a red-purple chromogen quinonimine which
has an absorption peak at 550 nm [8-10].
The reagent kit used was from Miles Italiana SpA,
Divisione Diagnostici, Cavenago Brianza, Italy.
Reagents were reconstituted as per manufacturer’s’
instructions and a single working solution was prepared.
The instrument settings were as follows:
CHEM #
NAME 11 I.PH
TYPE 2
& SMP VOL 7
FILTER POS 5 WL 550
DELAY 5 00
% RGT VOL 70
UNITS 4 mmol/1
UNIT FAC "0000
DECIMAL PT
RBL LOW 0"000
RBL HI 0"300
RANGE LOW 0
RANGE HI 4"84
CAL FACTOR
STD VAL 1"29
NORMAL LOW 0"80
NORMAL HI 1"55
SLOPE "000
INTERCEPT 0"0000
EP LIM 0"0100
UV method
Unreduced phosphomolybdate complex, resulting from
the reaction ofinorganic phosphates with molybdate ions
in acid medium, is determined at 340 nm [11]. The
reagent kit used was from Chemetron Chimica SpA,
Milan, Italy. The instrument settings were as follows:
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Table 1. Precision and accuracy
Within-run (n 15, each) Between-day (n 15, each)
Enzymatic Enzymatic
colorimetric UV Molybdenum colorimetric UV
method method blue method method method
Molybdenum
blue method
Control Serum A
True (assigned) value, mmol/1
Value obtained:
Mean (), mmol/1
Standard deviation (SD), mmol/1
Coefficient ofvariation (CV), %
Coefficient ofprecision (CP),%
Coefficient ofaccuracy (CAc),%
Coefficient ofanalysis (CA), %
Control Serum B
True (,assigned) value, mmol/1
Obtained value:
Mean (), mmol/1
Standard deviation (SD), mmol/1
Coefficient ofvariation (CV), %
Coefficient ofprecision l, (CP), %
Coefficient ofaccuracy2, (CAc), %
Coefficient ofanalysis3, (CA),%
"00 1-00 "00 1-00 1-00 "00
"01 "02 "06 0"99 0"98 "04
0"003 0"013 0"016 0"009 0-019 0-016
0-30 1-27 1"51 0"99 1"94 1-54
99-70 98" 73 98"49 99"01 98-06 98"46
99"00 98’00 94"00 99"00 98"00 96"00
98"96 97"63 93"82 98"59 97"21 95-71
2"20 2"20 2"20 2"20 2"20 2"20
2"14 2"12 2"02 2"12 2"10 2"01
0-010 0"010 0"010 0"039 0"032 0-048
0-47 0-47 0"50 1"84 1"52 2"39
99-53 99-53 99"50 98" 16 98"48 97"61
97-27 96-36 91"82 96"36 95"46 91"36
97"23 98"08 91.81 95"92 95"21 91 "04
CP 100 CV.
CAc 100 CB, where CB is the coefficient of bias defined as [(assigned value )/assigned value] x 100.
CA 100- R, whereRis calculated as X/(CV) + (CB).
Table 2. Linearity
Standard
inorganic
phosphorus
mmol/1
Inorganicphosphorus found
Enzymatic
colorimetric
method UV method Molybdenum blue
mmol/1 mmol/1 % mmol/1 %
0"40 0"43 107"5 0"39 97"5 0"33 82"5
0"80 0"83 103"8 0-75 93"8 0"70 87"5
1"61 1"65 102"5 1.55 96"3 1.48 91"9
2-42 2"43 100"4 2"34 96" 7 2"26 93 "4
3"23 3" 18 98-4 3" 11 96"3 3" 12 96"6
4.04 4" 14 102.5 4"01 99"2 4"01 99"2
4-84 4-81 99"4 4-76 98"3 5"21 107-6
6-46 6"07 94"0 6"27 97"0 6"26 96"9
CHEM #
NAME
TYPE
& SMP VOL
FILTER POS
DELAY
% RGT VOL
UNITS
UNIT FAC
DECIMAL PT
RBL LOW
RBL HI
RANGE LOW
RANGE HI
CAL FACTOR
STD VAL
11 I.PH
2
10
WL 340
00
70
4 mmol/1
"0000
0"000
O’275
0
4"84
1"29
NORMAL LOW 0"80
NORMAL HI 1"55
SLOPE "000
INTERCEPT 0"0000
EP LIM 0"0100
Molybdenum blue method
Phosphomolybdate complex is reduced to molybdenum
blue by iron(II) sulphate [12]. The reagent kit used from
Wako Chemicals GmbH, Newss, FR Germany. The
instrument settings were as follows:
CHEM #
NAME 11 I.PH
TYPE 2
& SMP VOL 14
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2.92
2.45
.8?
1.29
0.71
+ +
0.65 1.25 1.86 2.46 3.07
Phosphomolybdate UV method, mmol/l
2.49
2.01
1.53
1.06
0.58
O.71
+
+
1.30 1.89 2.48 3.07
Enzymatic colorimetric method,mmol/l
FILTER POS
DELAY
% RGT VOL
UNITS
UNIT FAC
DECIMAL PT
RBL LOW
RBL HI
RANGE LOW
RANGE HI
CAL FACTOR
STD VAL
NORMAL LOW
NORMAL HI
SLOPE
INTERCEPT
EP LIM
6 WL 600
5 00
70
4 mmol/1
"0000
0-000
0"250
0
4.84
1"29
0"80
1.55
"000
0"0000
0-0100
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2.42
1.95
o
1.49
02
0
0.55
O.71 1.25 1.86 2.46 3.07
Phosphomolybdate UV method, mmol/l
Figure 1. Correlation scattergrams and linear regression
parameters for: (a) enzymatic colorimetric method (y) vs
phosphomolybdate UV method (x), wherey 0-898x +
0" 14; r- 0"972; n 150; (b) molybdenum bluemethod (y) vs
enzymatic colorimetric method (x), wherey 0"808x +
0"006; r 0"958; n 150; and (c)-molybdenumbluemethod
(y) vs phosphomolybdateUVmethod (x),wherey 0" 757x
+ 0"08; r 0"956; n 150.
Results
We determined the accuracy and precision of the assays
by replicate analysis of two control sera at normal and
high phosphate concentrations. These sera were deter-
mined by the three methods in 15 replicates for the
within-run precision and in single over a 15-day period
for the between-day precision. The data obtained were
processed statistically according to Louderback and
Szatkowski 13]. The coefficients of precision, accuracy
and analysis are shown in table 1.
The linearity of the three methods was determined using
eight aqueous phosphate solutions ranging from 0"40
mmol/1 ofinorganic phosphorus. The results are given in
table 2.
We explored the effect of potential interferents such as
bilirubin and haemoglobin by spiking two pooled human
sera at normal (1-20 mmol/1) and elevated (2"40 mmol/1)
inorganic phosphorus concentrations with known
amounts of these substances. No interference was found
for bilirubin up to 175 mg/1 with all methods and for
haemoglobin up to 750 mg/1 with the molybdenum blue
method and up to 1000 mg/1 with the other two methods.
We found for all the three methods an overestimate of
inorganic phosphorus values with lipaemic samples at
relatively low triglycerides concentration (about 3500
rag/l); therefore, slightly lipaemic samples should be
better analyzed after a pretreatment with a clearing
agent.L. Rubino et al. Measurement of inorganic phosphorus in serum
Finally, we carried out a comparison study to correlate
the enzymatic colorimetric method and the two chemical
methods. Routine sera (150) were determined in parallel
in various runs over 15 days; the samples were selected
and stored at -20C, and then brought to room
temperature prior to determination. Results were
processed by least-squares regression analysis; correla-
tion plots and statistical parameters are shown in figure 1.
Discussion and conclusions
All three methods for determining serum inorganic
phosphorus showed high precision. The enzymatic
colorimetric method yielded the highest coeffEcients of
precision both for within-run precision (99"7 and 99"5%
for control sera A and B, respectively) and between-day
precision (99-0 and 98-2%); 1-2% lower results were
obtained by the UV and molybdenum blue methods.
As far as accuracy is concerned, the highest coefficient
was obtained with the enzymatic colorimetric method,
with the UV method yielding results slightly lower
(l-2%). Lower (5% on average) results were obtained
with the molybdenum blue method, probably because
absorbance readings were not made at the peak
wavelength of the molybdenum blue dye (i.e. at 600 nm
instead of at 650-730 nm) owing to the lack of the
appropriate filter.
The linearity extended up to at least 4.84 mmol/1 for both
the enzymatic colorimetric method and the two chemical
methods; this value is approximately four times the upper
limit of the reference interval.
The linearity extended up to at least 4.84 mmol/1 for both
the enzymatic colorimetric method and the two chemical
methods; this value is approximately four times the upper
limit of the reference interval. The average recovery with
respect to the standard values was 101.1 + 4"0% (SD) for
the enzymatic colorimetric method, 96"9 + 1"6% for the
UV method and 94’4 + 7"6% for the molybdenum blue
method; by excluding the highest and the lowest values,
the above values are 101"2 + 2" 1%, 96"8 + 1’9%, and 96"0
_+ 6"9%, respectively. Hence the highest correspondence
between expected and found concentrations of inorganic
phosphorus was found for the enzymatic colorimetric
method and the lowest for the molybdenum blue method.
The correlation among methods was good (r >- 0"956).
The enzymatic method and the UV method agreed very
closely, giving comparable results.
In conclusion, the fully enzymatic method for serum
inorganic phosphorus determination, which is based on
the specific system purine nucleoside phosphorylase/
xanthine oxidase coupled to an indicator colorimetric
reaction similar to the well known Trinder reaction,
proved to be very precise and accurate when applied to
the Technicon RA-1000 analyzer, by virtue also of the
simplicity of the assay procedure. Good results were also
obtained with the method based on the direct measure-
ment ofthe phosphomolybdate complex in the ultraviolet
region. Finally, the method involving chemical reduction
of the phosphomolybdate complex to molybdenum blue
showed lower performance characteristics.
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